Chemical context
Bicoumarins, in which two coumarin ring systems are directly linked through a C-C bond, are a group of regio-isomers which are of synthetic interest (Ilyas & Parveen, 1996; Dubovik et al., 2004; Frasinyuk et al., 2012) . Their natural occurrence and structural diversity originate from various positions of the linkage which can lead to pyran-pyran-linked bicoumarins, viz., 3-3 0 , 3-4 0 , 4-4 0 , or pyran-benzene-linked bicoumarins wherein the points of linkage are C3/C4 with the C5-C8 positions in the second coumarin moiety (Hussain et al., 2012) . 3-3 0 Bicoumarins isolated from Chinese medicinal plants and Mediterranean sponges (Panichayupakaranant et al., 1998) have been shown to exhibit insecticidal and antiproliferative properties. 0 Bicoumarins have shown antileukemic, nematocidal and cardiotoxic activity as well as antischistosomial, sedative and hypotensive effects (Ulubelen et al., 1986) . 6-8 0 Bicoumarins have been evaluated for urease inhibitory activity (Ayaz et al., 2006) . Atropisomerism has been observed for naturally occurring 3-6 0 bicoumarins (Zhan et al., 2003) . 0 Bicoumarins competitively inhibit epoxide reductase of vitamin K, preventing the reduction of vitamin K into hydroquinone, leading to their anticoagulant activity (Zhou et al., 2009). 3-8 0 Bicoumarins exhibit cytotoxicity towards human solid tumour cell lines, affording ED 50 values of 7.5, 55, 5.8 mg/ml against non-small-cell-lung carcinoma A-549, breast adenocarcinoma MCF-7, and colon adenocarcinoma HT-29 cells respectively (Tepaske & Gloer, 1992) .
In view of the above cited activities of directly linked coumarin dimers, the present work reports the synthesis under metal-free conditions of a new 4-3 0 bicoumarin and its structure.
Structural commentary
The molecular structure of the title compound is shown in Fig. 1 . The packing viewed along the b axis (Fig. 2) shows the existence of intermolecular C-HÁ Á ÁO hydrogen bonds between the carbonyl O4 of one coumarin moiety and the aromatic H8 of the second unit (Table 1) , which has also been observed in a 3-5 0 bicoumarin (Fun et al., 2009) . The two coumarin rings exhibit an s-trans arrangement across the C4-C11 bond for the two double bonds viz. C3 C4 and C11 C12. The non-planar nature of the bi-heterocyclic system is revealed through the torsion angles C3-C4-C11-C12 [À52. 37 (19) ] and C10-C4-C11-C19 [À59.32 (17) ], which almost corresponds to a gauche conformation.
Supramolecular features
In the crystal, pairs of C-HÁ Á ÁO hydrogen bonds andinteractions [Cg1Á Á ÁCg1 i = 3.631 (2); slippage = 1.491 Å ; Cg1 is the centroid of the C5-C10 ring; symmetry code: (i) 1 À x, Ày, Àz] connect molecules into inversion dimers (Fig. 2 ).
Database survey
A search of the Cambridge Structural Database (Version 5.35, updates Feb 2014; Groom & Allen, 2014) revealed two related structures, viz.
0 -dione (Fun et al., 2009 ) and 7,7 Silva et al., 2011) . In these two compounds, the dihedral angles between the coumarin ring systems are 79.93 (3) and 88.07 (2) , respectively. The corresponding angle in the title compound is 52.37 (19) .
Synthesis and Crystallization
6-Methylcoumarin 4-acetic acid (0.01 mol) and 5-methylsalicylaldehyde (0.01 mol) were taken in a round-bottomed flask containing (1.5 eq) NaH and 3 ml of acetic anhydride. The flask, fitted with a guard tube, was stirred for 1.5 h. The progress of the reaction was monitored by TLC, the solid that separated was filtered off and washed with diethyl ether and The molecular structure of the title compound, showing the atomlabelling scheme and with displacement ellipsoids drawn at the 50% probability level.
Figure 2
A packing diagram of the title compound, viewed along the b axis.
Dashed lines indicate C-HÁ Á ÁO hydrogen bonds and -interactions. H atoms not involved in hydrogen bonding have been omitted for clarity. Table 1 Hydrogen-bond geometry (Å , ).
Symmetry code: (i) Àx þ 1; Ày; Àz.
again with 5% NaHCO 3 to remove unreacted 6-methylcoumarin 4-acetic acid. Then the solid was dried and recrystallized from ethanol. Crystals suitable for diffraction studies were obtained through slow evaporation from a DMF solution.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . C-bound H atoms were positioned geometrically and allowed to ride on their parent atoms, with C-H = 0.93-0.98 Å and U iso (H) = 1.2U eq (C) or 1.5U eq (C methyl ). Computer programs: SMART and SAINT (Bruker, 1998) , SIR92 (Altomare et al., 1993) , SHELXL97 (Sheldrick, 2008) , ORTEP-3 for Windows (Farrugia, 2012) , CAMERON (Watkin et al., 1996) , PARST (Nardelli, 1996) and PLATON (Spek, 2009 
Computing details
Data collection: SMART (Bruker, 1998 ); cell refinement: SAINT (Bruker, 1998) ; data reduction: SAINT (Bruker, 1998 );
program(s) used to solve structure: SIR92 (Altomare et al., 1993 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and CAMERON (Watkin et al., 1996) ; software used to prepare material for publication: PARST (Nardelli, 1996) and PLATON (Spek, 2009 ).
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